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Description 

BACKGROUND OF THE INVENTION 
(Field of the Invention) 

[0001] The present invention relates to a laser device 
which may be employed as a light source in an optical 
pick-up device, optical transmission, an optical disc sys- 
tem or any other optical measuring system. 

(Description of the Prior Art) 

[0002] Various types of semiconductor laser devices 
have hitherto been employed. A so-called unit-type such 
as shown in Figs. 43 and 44 is also well known in the 
art. Figs. 43 and 44 illustrate the prior art unit-type in a 
center longitudinal sectional view and a perspective 
view with a protective resin layer removed. 
[0003] The prior art laser device shown in Figs. 43 and 
44 comprises a substrate 362 made of aluminum and 
having one surface plated with nickel or gold. The sub- 
strate 362 includes a sub-mount 363 fixedly mounted 
on the plated surface of the substrate by means of a 
bonding material such as indium, The sub-mount 363 is 
substantially rectangular in shape and made of silicon, 
having an outer surface thereof formed with aluminum 
wiring 365 and 366. The aluminum wiring 365 is used 
to supply an electric power to a laser diode chip 369 
through a silicon dioxide film 364, whereas the alumi- 
num wiring 366 is used to draw from the sub-mount 363 
an electric current produced in the sub-mount 363 as a 
result of operation of a monitor element 367 as will be 
discussed later. 

[0004] The aluminum wiring 365 formed on a central 
region of the sub-mount 363 forms a bonding surface 
onto which the laser diode chip 369 is bonded by means 
of a deposit of electroconductive brazing material. The 
laser diode chip 369 has two laser beam emitting end 
faces 369a and 369b opposite to each other and is 
mounted on the sub-mount 363 with the laser beam 
emitting faces 369a and 369b oriented outwardly and 
inwardly, respectively. A portion of a central region of 
the outer surface of the sub-mount 363 which is adjacent 
to the inwardly oriented laser beam emitting end 369b 
of the laser diode chip 369 is integrally fabricated with 
the monitor element 367. This monitor element 367 is 
comprised of a photo-diode element formed by diffusing 
P-type impurities from the outer surface of the sub- 
mount 363 to form a PN junction and is electrically con- 
nected with the aluminum wiring 366. 
[0005] The aluminum wiring 365 and 366 are wire- 
bonded to respective leads 371a and 371b, formed on 
a flexible circuit 371 connected with the substrate 362, 
through wires W1 and W2. The laser diode chip 369 has 
a negative pole wire-bonded by means of a wire W4 to 
a pad 368 internally conducted with the submount 363 
through an window perforated in the silicon dioxide film 



364 so that the negative pole of the laser diode chip 369 
is held in electrically connected relationship with the 
substrate 362. 

[0006] The substrate 362 is in turn wire-bonded by 
s means of a wire W3 with a lead 371 c of the flexible circuit 
371. 

* [0007] The laser diode chip 369 is overlaid by a trans- 
parent resin 372 which not only covers the outwardly 
oriented laser beam emitting end face 369a of the laser 

10 diode chip 369, but extends inwardly of the laser diode 
chip 369 so as to form a solid waveguide communicating 
between the inwardly oriented laser beam emitting end 
face 369b and the monitor element 367. 
[0008] The transparent resin 372 is employed in the 

is form of an epoxy rein or a silicone resin which has been 
deposited on the laser diode chip 369 while it is in a fluid 
state. The fluid resin which eventually forms the trans- 
parent resin 372, when applied to the outwardly oriented 
laser beam emitting end face 369a, forms a flat surface 

20 film by the effect of a surface tension. When this fluid 
resin so applied is hardened or cured, the flat surface 
film of the resin is cured while retaining the flat shape 
so as to form a flat emission surface when cured. 
[0009] The assembly including the sub-mount 363, 

25 having the laser diode chip 369 and the monitor element 
367 bonded thereon, an end portion of the flexible circuit 
371 and the wires W1 to W4 are covered by a protective 
resin layer 373. 

[0010] It has, however, been found that the prior art 

30 laser device shown in Figs. 43 and 44 has the following 
problems. In the first place, the thickness of the trans- 
parent resin 372 covering the outwardly oriented laser 
beam emitting end face 396a of the laser diode chip 369 
cannot be specifically defined. The greater is the thick- 

3$ ness of the transparent resin 372, the more is the laser 
emission characteristic disturbed due to a multiplex re- 
flection of light between the outwardly oriented laser 
beam emitting end face 369a and the surface of the 
transparent resin 372. Therefore, the prior art laser de- 

40 vice cannot be satisfactorily be used as a light source 
in an optical disc recording and/or reproducing system. 
[001 1 ] Fig. 45 illustrates the laser emission character- 
istic exhibited when the thickness of the transparent res- 
in 372 (hereinafter referred to as the resin thickness) 

45 covering the outwardly oriented laser beam emitting end 
face 369a of the laser diode chip 369 is I.OOOumAs 
shown in the graph of Fig. 45, because of the multiplex 
reflection taking place between the outwardly oriented 
laser beam emitting end face 369a and the surface of 

so the transparent resin 372, the laser beam fails to show 
a single peak characteristic and, therefore, the prior art 
laser device shown therein cannot be used as a light 
source in an optical disc recording and/or reproducing 
system. It is to be noted that in the graph of Fig. 45 a 

55 curve e|| represents a pattern of distribution of the laser 
beam in a horizontal direction relative to an active layer 
and a curve 91 represents that in a vertical direction rel- 
ative to the active layer. 
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[001 2] Secondly, in the event that the transparent res- 
in 372 is not properly coated so as to render the surface 
thereof to be parallel to the outwardly oriented laser 
beam emitting end face 369a, another problem arises 
in that due to a lens effect an optical axis tends to devi- 
ate. Fig. 46 illustrates the laser emission characteristic 
which has been exhibited when the surface of the trans- 
parent resin 372 fails to be parallel to the outwardly ori- 
ented laser beam emitting end face 369a. As can readily 
be understood from the graph of Fig. 46, the optical axis 
has deviated considerably and, therefore, the prior art 
laser device cannot be used as a light source in an op- 
tical disc recording and/or reproducing system. 
[001 3] Also, when the resin thickness attains a value 
exceeding 500pm when the outwardly laser beam emit- 
ting end face 369a of the laser diode chip 369 is covered 
by the transparent resin 372, it can be contemplated to 
use two coating resins of dissimilar quality as material 
for the transparent resin 372 for the purpose of lessen- 
ing a stress setup. However, even the use of the two 
coating resins to form the transparent resin 372 may re- 
sult in a multiplex reflection of beam at an interface be- 
tween each coating resin and the outwardly oriented la- 
ser beam emitting end face 369a, making it impossible 
for the laser device to be used as a light source in the 
optical disc recording and/or reproducing system. 
[0014] The semiconductor laser device currently 
placed on the market is generally of such a structure as 
shown in Fig. 47 in a perspective view with a portion 
broken away. Referring to Fig. 47, the prior art semicon- 
ductor laser device comprises a stem 303 having a heat 
sink 304 mounted thereon. The heat sink 304 carries a 
semiconductor laser chip 301 mounted thereon and 
electrically connected with a terminal lead by means of 
a wire 307. The stem 303 also has a monitoV photodiode 
chip 302 mounted thereon and electrically connected 
with a terminal lead 306 through a wire 308. The semi- 
conductor laser chip 301 and the monitor photodiode 
chip 302 both mounted on the stem 303 are substantially 
hemispherically sealed by a cap 31 0 having a beam exit 
glass window 309 formed therein. 
[0015] In the prior art semiconductor laser device of 
the structure shown in Fig. 47, since the stem 303 and 
the cap 310 are component parts separate from each 
other and expensive, not only is assembly complicated 
and time-consuming, but reduction in size of the semi- 
conductor laser device is difficult to achieve. 
[0016] In view of the above, a further prior art semi- 
conductor laser device shown in Figs. 48 and 49 has 
been suggested. Fig. 48 illustrates a plan view of a car- 
rier strip during the manufacture of semiconductor laser 
chips and Fig. 49 illustrates a cross-sectional view of a 
single semiconductor laser chip taken along the line A- 
A in Fig. 49. 

[0017] As shown in Fig. 48, an insert-type lead frame 
313 (in which a lead frame and retainer members are 
integrated together) has a plurality of leads 314 each 
having a semiconductor laser chip 311 mounted there- 



on. A monitor photodiode chip 312 is in turn mounted 
on an inner side of each semiconductor laser chip 311 . 
which is covered by a resin layer 31 5. 
[001 8] Two parallel leads 31 6 and 31 7 extending par- 

5 allel to and on respective side of each lead 31 4 and are 
retained in position by the respective lead 31 4 by means 
of an associated retaining member 31 8. Each semicon- 
ductor laser chip 311 and the associated monitor pho- 
todiode chip 312 are connected with the leads 316 and 

10 31 7 by means of respective wires 31 9 and 320. By cut- 
ting root portions of the leads 314 from the lead frame 
313, a corresponding number of semiconductor laser 
devices can be obtained. 

[001 9] According to the prior art semiconductor laser 

15 device shown in Figs. 48 and 49, since the semiconduc- 
tor laser chip 311 is covered by the resin layer 315, the 
use of the cap 310 such as used in the semiconductor 
laser device of Fig. 47 can be advantageously dis- 
pensed with. In addition, since the individual semicon- 

20 ductor laser chips 31 1 are formed on the insert-type lead 
frame 313, not only can the process of manufacture of 
the semiconductor laser devices be simplified, but the 
semiconductor laser devices which are inexpensive and 
compact in size can also be realized. 

2$ [0020] However, since each of the semiconductor la- 
ser device shown in Figs. 48 and 49 is of a structure 
wherein the semiconductor laser chip 311, the monitor 
photodiode chip 31 2 and the wires 31 9 and 320 are cov- 
ered by the resin layer or exposed bare to the outside, 

30 there is a problem in that the semiconductor laser device 
is susceptible to external force and requires an utmost 
care in handling! 

[0021] As a further prior art semiconductor laser de- 
vice, a metal package type is also available as shown 

35 in Fig. 50. The metal package type shown therein com- 
prises a stem base 321, a stem 322 mounted on the 
stem base 321 , a semiconductor laser chip 323 mount- 
ed on a lateral surface 322a of the stem 322, a monitor 
photodiode chip 324 mounted on the lateral surface 

40 322a of the stem 322 at a location spaced from the sem- 
iconductor laser chip 323, and a detector photodiode 
chip 325 mounted on an upper surface 322b of the stem 
322. The stem base 321 has a metal cap 326 mounted 
fixedly thereon so as to enclose the stem 322, said metal 

45 cap 326 having a glass window 330 formed on a top face 
of the metal cap 326. A glass block 327 having an upper 
surface formed with a hologram 327a is mounted atop 
the metal cap 326 so as to cover the glass window 330. 
[0022] When the semiconductor laser device shown 

so in Fig. 50 is in use, a first laser beam is emitted from the 
semiconductor laser chip 323 towards the monitor pho- 
todiode chip 324 and a second laser beam towards the 
glass window 330 in the metal cap 326. The second la- 
ser beam then passes through the glass window 330 

55 and, also, the glass block 327 and emerges outwardly 
from the hologram 327a. The second laser beam 
emerging outwardly from the hologram 327a is, after 
, having been reflected from an information carrier medi- 
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urn (not shown) such as, for example, an optical disc, 
incident upon the hologram 327a. The reflected second 
laser beam incident on the hologram 327a is diffracted 
by the hologram 327a so as to be incident on the detec- 
tor photodiode chip 325. 

[0023] In the prior art semiconductor laser device 
shown in Fig. 50, since the surface of the semiconductor 
laser chip 323 tends to be adversely affected by a mois- 
ture component contained in the atmosphere, accom- 
panied by a reduction in laser emission characteristic, 
an inert gas is filled within the interior of the metal cap 
326. Accordingly, not only because the semiconductor 
laser device shown in Fig. 50 requires the employment 
of an expensive inert gas and the expensive metal cap 
326 having the glass window 330, but also because the 
filling of the inert gas and the fitting of the glass window 
330 in the metal cap 326 require complicated assem- 
bling procedures, the semiconductor laser device as a 
whole tends to become costly. , 
[0024] JP-A-02 125 688 discloses a semiconductor 
laser device according to the preamble of claim 1 . 
[0025] JP-A-02 125 688 teaches that the resin layer 
should have a thickness in the range 200ujti to 
1 t 000ujn. Voids present in the optical path of light in the 
resin layer will affect the optical properties of the resin 
layer, and if the thickness of the resin layer is below 
200|im these effects will become significant. 
[0026] JP-A-02 125 688 does not refer to the possi- 
bility of multiple reflections occurring within the resin lay- 
er. 

SUMMARY OF THE INVENTION 

[0027] The present invention has for its object to pro- 
vide an improved semiconductor laser device which can 
be effectively and satisfactorily be used as a light source 
in an optical disc recording and/or reproducing appara- 
tus with no loss of a single peak in a laser beam emission 
characteristic and also with no deviation of an optical 
axis. 

[0028] Another object of the present invention is to 
provide an improved semiconductor laser device which 
is effective to sufficiently protect the semiconductor la- 
ser chip, the monitor photodiode chip and wires electri- 
cally connecting them with respective conductors and 
which can be easily manufactured in a compact size and 
at a reduced cost. 

[0029] A further object of the present invention is to 
provide an improved semiconductor laser device where- 
in the semiconductor laser chip is covered by the resin 
layer to render the device as a whole to exhibit a satis- 
factory environmental stability. 
[0030] The present invention provides a semiconduc- 
tor laser device comprising: a base, a semiconductor la- 
ser chip, and a resin layer enclosing the laser chip, said 
resin layer being made of a single synthetic resin and 
covering an outwardly oriented beam emitting end face 
of the laser chip; wherein the resin layer has a surface 



substantially parallel to the outwardly oriented beam 
emitting end face of the laser chip; characterised in that 
the upper limit of the thickness of the resin layer is 
500u.m thereby to minimise the occurrence of multiple 

s reflections within the resin layer, but not including a 
thickness in the range 200u.m to SOOjim. 
[0031] Thus, a laser beam is emitted from the out- 
wardly oriented beam emitting end face of the semicon- 
ductor laser chip mounted on the base and covered by 

io the resin layer made of a single synthetic resin. In addi- 
tion, the resin layer covering the outwardly oriented 
beam emitting end face of the laser chip has a thickness 
not greater than 500jim and, therefore, the laser beam 
emitted from the laser chip will not be adversely affected 

15 by a multiple reflection, permitting the beam emission 
characteristic to exhibit a single peak. 
[0032] Also, a surface of the resin layer covering the 
outwardly oriented beam emitting end face of the laser 
chip lies parallel relative to the outwardly oriented beam 

20 emitting end face of the laser chip and, accordingly, no 
lens effect will occur relative to the laser beam emitted 
from the laser chip and, consequently, no optical axis 
deviation occurs in the beam emission characteristic. 
[0033] Preferably, the base may be a stem, and the 

25 semiconductor laser device may further comprise a 
monitor photodiode chip mounted on the stem at a po- 
sition inwardly of the laser chip. In this arrangement, la- 
ser beams are emitted from the outwardly and inwardly- 
oriented beam emitting end faces, respectively, of the 

30 laser chip mounted on the stem and covered by the resin 
layer made of the single synthetic resin. The use of the 
monitor photodiode mounted on the stem at a location 
inwardly of the laser chip is effective to monitor the pow- 
er of the laser beam as the laser beam emitted from the 

35 inwardly oriented beam emitting end face of the laser 
chip is incident on the monitor photodiode chip. 
[0034]' In addition, since as hereinabove described 
the resin layer covering the outwardly oriented beam 
emitting end face of the laser chip has a thickness not 

40 greater than SOOujti and also has a surface lying parallel 
to the outwardly orientedbeam emitting end face of the 
laser chip, the laser beam emitted outwardly from the 
outwardly oriented beam emitting end face of the laser 
chip exhibits a beam emission characteristic with no sin- 

45 gie peak lost and with no deviation in optical axis. 
[0035] Alternatively, the base may be a lead frame 
. and the laser chip may be mounted on one of leads of 
the lead frame through a sub-mount. In such case, the 
semiconductor laser device may further comprises a 

so monitor photodiode mounted on the one of the leads at 
a position inwardly of the laser chip, so that a direction 
in which a light receiving surface of the monitor photo- 
diode extends lies substantially perpendicular to an in- 
wardly oriented beam emitting end face of the laser chip. 

55 [0036] In this arrangement, the laser beam emitted 
from the outwardly oriented beam emitting end face of 
the laser chip mounted on the lead of the lead frame 
through the sub-mount and covered by the resin layer 
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made of the single synthetic resin can exhibits a beam 
emission characteristic in which no single peak is lost 
and no optical axis deviation occurs, since the resin lay- 
er covering the outwardly oriented beam emitting end 
face of the laser chip has a thickness not greater than 
50Q\im and also has a surface lying parallel to the out- 
wardly oriented beam emitting end face of the laser chip. 
[0037] On the other hand, the laser beam emitted 
from the inwardly oriented beam emitting end face of the 
laser chip can advantageously be monitored by the 
monitor photodiode mounted on the lead at the position 
inwardly of the laser chip. 

[0038] Also alternatively, the base may be a lead 
frame, a portion of one of leads of the lead frame which 
is positioned inwardly of the laser chip is inclined so as 
to confront an inwardly oriented beam emitting end face 
of the laser chip. In such case, the monitor photodiode 
is mounted Sn the inclined portion of the one of the leads 
of the lead frame. 

[0039] According to this alternative arrangement, the 
laser beam emitted from the outwardly oriented beam 
emitting end face of the laser chip mounted on the lead 
of the lead frame through the sub-mount arid covered 
by the resin layer made of the single synthetic resin and 
having a thickness not greater than 500u,m and also has 
a surface lying parallel to the outwardly oriented beam 
emitting end face of the laser chip, can exhibits a beam 
emission characteristic in which no single peak is lost 
and no optical axis deviation occurs. 
[0040] Also, the laser beam from the inwardly oriented 
beam emitting end face of the laser chip can advanta- 
geously be monitored by the monitor photodiode which 
is mounted on the lead at the location inwardly of the 
laser chip with its light receiving surface inclined so as 
to confront the inwardly oriented beam emittirig end face 
of the laser chip since the laser beam efficiently and ef- 
fectively impinge upon the light receiving surface of the 
monitor photodiode. 

[0041] Again alternatively, the base may be a lead 
frame, a portion of one of leads of the lead frame which 
is positioned inwardly of the laser chip being inwardly 
recessed and, in such case, the monitor photodiode is 
mounted in the recessed portion in the one of the leads 
of the lead frame so that a direction in which a light re- 
ceiving surface of the monitor photodiode extends lies 
substantially perpendicular to an inwardly oriented 
beam emitting end face of the laser chip. 
[0042] Where the monitor photodiode is mounted in 
the recess, since the outwardly oriented beam emitting 
end face of the laser chip is covered by the resin layer 
which is made of the single synthetic resin, has a thick- 
ness not greater than 500u.m and also has a surface 
lying parallel to the outwardly oriented beam emitting 
end face of the laser chip, the laser beam emitted from 
the outwardly oriented beam emitting end face of the 
laser chip mounted on the lead of the lead frame through 
the sub-mount and covered by the resin layer made of 
the single synthetic resin and having a thickness not 



greater than 500u/n and also has a surface lying parallel 
to the outwardly oriented beam emitting end face of the 
laser chip, can exhibits a beam emission characteristic 
in which no single peak is lost and no optical axis devi- 

5 ation occurs. 

[0043] Also, the power of the laser beam emitted from 
the inwardly oriented beam emitting end face of the laser 
chip can effectively impinge on the light receiving sur- 
face of the monitor photodiode mounted in the recess 

10 . in the lead at a location inwardly of the laser chip and is - 
effectively monitored by the monitor photodiode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0044] T*his and other objects and features of the 
present invention will become clear from the following 
description taken in conjunction with preferred embodi- 
ments thereof with reference to the accompanying 
drawings, in which like parts are designated by like ref- 

20 erence numerals and in which: 

Fig. 1 is a fragmentary sectional view pi a portion 
of a semiconductor laser device according to a first 
embodiment of the present invention; 

25 Fig. 2 is a fragmentary sectional view of a portion 
of the semiconductor laser device according to a 
second embodiment of the present invention; 
Fig. 3 is a plan view of the semiconductor laser de- 
vice according to a third preferred embodiment of 

30 the present invention; 

Fig. 4 is a longitudinal sectional view of the semi- 
conductor laser device of Fig. 3 as viewed in a dif- 
ferent direction; 

Fig. 5 is a perspective view of the semiconductor 
35 laser device according to a fourth embodiment of 
the present invention; 

Fig. 6 is a schematic plan view showing a lead frame 
shown in Fig. 5; 

Fig'. 7 is a perspective view of the semiconductor 
40 laser device according to a fifth embodiment of the 
" present invention; 
Fig. 8 is a schematic plan view showing the lead 
frame shown in Fig. 7; 
. Fig. 9 is a perspective view of the semiconductor 
45 laser device according to a sixth embodiment of the 
present invention; 

Fig. 10 is a schematic plan view showing the lead 
frame shown in Fig. 9; 

Fig. 11 is a graph showing a laser emission charac- 
so teristic exhibited by the semiconductor laser device 
of the present invention; * 
Fig. 1 2 is a schematic perspective view of the sem- 
iconductor laser device according to a seventh em- 
bodiment of the present invention; 
55 Fig. 13 is a center longitudinal sectional view of the 
semiconductor laser device shown in Fig. 1 2; 
Fig. 14 is a plan view showing the lead frame used 
to manufacture the semiconductor laser device 
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shown in Fig. 12; 

Fig. 1 5 is a schematic perspective view of the sem- 
iconductor laser device.according to an eighth em- 
bodiment of the present invention; 
Fig. 16 is a plan view showing the lead frame used s 
to manufacture the semiconductor laser device 
shown in Fig. 15; 

Fig. 17 is a chart showing the relationship between 
the resin thickness and the deterioration time of the 
semiconductor laser device according to a ninth io 
embodiment of the present invention; 
Fig. 18 is a graph showing the relationship between 
the standing time, during which the semiconductor 
laser beam has been allowed to stand, and the rate 
of change in operating current; is 
Fig. 1 9 is a schematic perspective view showing the 
semiconductor laser device according to a tenth . 
embodiment of the present invention; 
Fig. 20 is a schematic longitudinal sectional view of 
the semiconductor laser device shown in Fig. 19; 20 
Fig. 21 is a plan view of the lead frame used to man- 
ufacture the semiconductor laser device of Fig. 1 9; 
Fig. 22 is a perspective view of a protective member 
used in the semiconductor laser device of Fig. 19, 
showing how the protective member is assembled; 25 
Fig. 23 is a schematic longitudinal sectional view of 
the semiconductor laser device according to an 
eleventh embodiment of the present invention; 
Fig. 24 is a schematic longitudinal sectional view of 
the semiconductor laser device according to a 30 
twelfth embodiment of the present invention; 
Fig. 25 is a schematic longitudinal sectional view of 
the semiconductor laser device according to a thir- 
teenth embodiment of the present invention; 
Fig. 26 is a schematic longitudinal sectional view of 35 
the semiconductor laser device according to a four- 
teenth embodiment of the present invention; 
Fig. 27 is a schematic longitudinal sectional view of 
the semiconductor laser device according to a fif- 
teenth embodiment of the present invention; 40 
Fig. 28 is a schematic longitudinal sectional view of 
the semiconductor laser device according to a six- 
teenth embodiment of the present invention; 
Fig. 29 is a schematic longitudinal sectional view of 
the semiconductor laser device according to a sev- 
enteenth embodiment of the present invention; 
Figs. 30(a) to 30(f) illustrate the sequence of man- 
ufacture of the semiconductor laser device accord- 
ing to an eighteenth embodiment of the present in- 
vention; 50 
Figs. 31 and 32 are schematic perspective views 
showing the structure of a retaining member and the 
manner in which the lead frame is fitted to a protec- 
tive member frame; 

Fig. 33 is a perspective view showing the semicon- ss 
ductor laser device according to a nineteenth em- 
bodiment of the present invention; 
Fig. 34 is a perspective view of the semiconductor 



laser device according to a twentieth embodiment 
of the present invention; 

Fig. 35 is a schematic longitudinal sectional view of 
th semiconductor laser device according to a 
twenty-first embodiment of the present invention; 
Fig. 36 is a schematic perspective view of the sem- 
iconductor laser device according to a twenty-sec- 
ond embodiment of the present invention; 
Fig. 37 is a side view of the semiconductor laser 
device shown in Fig. 36; 

Fig. 38 is a perspective view of the semiconductor 
laser device according to a twenty-third embodi- 
ment of the present invention; 
Fig. 39 is a side view of the semiconductor laser 
device shown in Fig. 38; 

Fig. 40 is a transverse sectional view of the semi- 
conductor laser device according to a twenty-fourth 
embodiment of the present invention; 
Fig. 41 is a schematic sectional view of the semi- 
conductor laser device according to a twenty-fifth 
embodiment of the present invention; 
Fig. 42 is a view similar to Fig. 41, showing the sem- 
iconductor laser device according to a twenty-sixth 
embodiment of the present invention; 
Fig. 43 is a longitudinal sectional view of one of the 
prior art semiconductor laser devices; 
Fig. 44 is a perspective view of the prior art semi- 
conductor laser device shown in Fig. 43; 
Fig. 45 is a graph showing the laser emission char- 
acteristic of the prior art semiconductor laser device 
wherein a portion of the resin layer confronting a 
front beam emitting end face of a semiconductor la- 
ser chip has a thickness of 1 ,000u.m; 
Fig. 46 is a graph showing the laser emission char- 
acteristic of the prior art semiconductor laser device 
wherein a coating of resin covering the front beam - 
emitting end face of the semiconductor laser chip 
does not lie parallel to the front beam emitting end 
face; 

Fig. 47 is a perspective view, with a portion cut 
away, of another one of the prior art semiconductor 
laser devices; 

Fig. 48 is a plan view of the lead frame used to man- 
ufacture a further one of the prior art semiconductor 
laser devices; 

Fig. 49 is a cross-sectional view taken along the line 
A- A in Fig. 48; and 

Fig. 50 is a longitudinal sectional view of a still fur- 
ther one of the prior art semiconductor laser device. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0045] Referring first to Fig. 1 showing a semiconduc- 
tor laser device according to a first preferred embodi- 
ment of the present invention, there is shown a stem 3 
(which may alternatively be a lead frame) and a laser 
diode chip 1 die-bonded to an outer end of the stem 3. 
[0046] A region ranging from the outer end of the stem 
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3 to an upper surface of the stem 3 via a surface of the 
laser diode chip 1 is covered by a resin layer 2. The resin 
layer 2 is so coated that a portion of the resin layer 2 
confronting an outwardly oriented laser beam emitting 
end face (hereinafter referred to as a forward emitting 
end face) of the laser diode chip 1 has a resin thickness 
not greater than SOOjam while lying flat in parallel relation 
to the forward emitting end face. The resin layer 2 may 
be made of a transparent synthetic resin such as, for 
example, silicone resin or polyimide resin. 
[0047] Fig. 2 illustrates the semiconductor laser de- 
vice according to a second preferred embodiment of the 
present invention. I n this embodiment, a laser diode chip 
1 1 is die-bonded to a tip of a vertical arm of the shape 
of a figure "T" assumed by a generally T-sectioned stem 
1 3 so that a forward emitting end face 11a of the laser 
diode chip 11 may He flush with an end face at the tip of 
the stem 1 3. At a position corresponding to the joint be- 
tween vertical and transverse arms of the shape of the 
figure T\ a monitor photodiode 15 is die-bonded to a 
portion of the transverse arm of the stem 13 adjacent 
the vertical arm thereof. 

[0048] Even in the embodiment shown in Fig. 2, the 
resin layer 2 is applied to the stem 13 so as to cover a 
region ranging from the end face of the vertical arm of 
the stem 1 3 to that portion of the transverse arm of the 
stem 1 3 adjacent the vertical arm thereof while covering 
both of the laser diode chip 11 and the monitor photodi- 
ode 15. As a matter of course, a portion of the resin layer 
J 2 confronting the forward emitting end face I la of the la- 
ser diode chip 11 has a resin thickness not greater than 
500uin and lies flat in parallel relation to the forward 
emitting end face 1 1 a of the laser diode chip 1 1 . 
[0049] Figs. 3 and 4 illustrate the semiconductor laser 
device according to a third preferred embodiment of the 
present invention. According to this embodiment, in or- 
der to increase the productivity, a plurality of laser diode 
chips 21 and a corresponding number of monitor pho- 
todiodes 25 are mounted on leads 24. At this time, each 
laser diode chip 21 is die-bonded through a sub-mount 
26 in consideration of the amount of light incident on the 
corresponding monitor photodiode 25. It is to be noted 
that reference numeral 21 a represents a forward emit- 
ting end face of each laser diode chip 21 and reference 
numeral 28 represents a tie bar. 
[0050] In the semiconductor laser device shown in 
Fig. 3, the laser chips 21 and the monitor photodiodes 
25 are mounted through the associated sub-mounts 26 
on the leads of an insert-type lead frame 24 and 27 (a 
type of lead frame integrally formed with retainer mem- 
bers 27 made of plastics). Although not shown, a resin 
layer is formed so as to cover the forward emitting end 
face 21 a of each laser diode chip 21 , and that portion of 
the resin layer confronting the forward emitting end face 
21a of. each laser diode chip 21 has a resin thickness 
not greater than SOOfim while lying flat in parallel relation 
thereto. 

[0051] On the other hand, in the semiconductor laser 



device shown in Fig. 4, one lead 24 separated from the 
tie bar has the laser diode chip 21 and the monitor pho- 
todiode 25 mounted thereon. Both of the laser diode 
chip 21 and the monitor photodiode 25 are covered by 
5 the resin layer 2, that portion of the resin layer 2 con- 
fronting the forward emitting end face 21a of the laser 
diode chip 21 having a thickness not greater than 500uin 
while lying flat in parallel relation to the forward emitting 
end face 21a. 

10 [0052] It is to be noted that a structure may be con- 
templated in which the monitor photodiode 25 and the 
sub-mount 26 are integrated together. 
[0053] Referring now to Figs. 5 and 6 showing a fourth 
preferred embodiment of the present invention, the 

15 semiconductor laser device shown therein is prepared 
by punching a portion of a lead 34, where a monitor pho- 
todiode 35 will be die-bonded, to form a generally V- 
shaped groove 39 so as to leave a mount surface area 
adjacent the tip of the lead 34, die-bonding a laser diode 

20 chip 31 to the mount surface area of the lead 34 and 
finally die-bonding the monitor photodiode 35 to one of 
opposite faces of the V-shaped groove 39 generally di- 
agonally facing towards the laser diode chip 31. Even 
in this embodiment, both of the laser diode chip 31 and 

25 the monitor photodiode 35 are covered by the resin layer 
2, that portion of the resin layer 2 confronting a forward 
emitting end face 31 a of the laser diode chip 31 having 
a thickness not greater than SOOfam while lying flat in 
parallel relation to the forward emitting end face 31a. 

30 [0054] Fig. 6 illustrates the shape of a lead frame con- 
necting a plurality of the leads 34 of Fig. 5 through a tie 
bar 38, which lead frame is used during the manufacture 
of the semiconductor laser device shown in Fig. 5. 
[0055] As hereinabove described, in the fourth pre- 
ss ferred embodiment of the present invention, since the 
monitor photodiode 35 is die-bonded to one of the op- 
posite faces of the V-shaped groove 39 in the lead 34 
which faces towards the laser diode chip 31 die-bonded 
on the mount surface area adjacent the tip of such lead 

40 34, a laser beam emitted from the laser diode chip 31 
can with no doubt impinge on the monitor photodiode 
35. Accordingly, no sub-mount such as necessitated in 
the third preferred embodiment of the present invention 
is required. 

45 [0056] The semiconductor laser device according to 
a fifth preferred embodiment of the present invention is 
shown in Figs. 7 and 8. According to this embodiment, 
a portion of a lead 44 where a monitor photodiode 45 is 
disposed is so shaped as to face outwardly in a direction 

so axially of the lead 44 so that the amount of light emitted 
from a laser diode chip 41, mounted on the tip of the 
lead 44, and incident upon the monitor photodiode 45 
can be increased. 

[0057] Fig. 7 illustrates a condition prior to the semi* 
55 conductor laser chip 41 and its surrounding being cov- 
ered by the resin layer.. Even in this embodiment, when 
the laser diode chip 41 is covered by the resin layer, that 
portion of the resin layer aligned with a forward emitting 
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end face 41a of the laser diode 41 must have a resin 
thickness not greater than 500|im and, at the same time, 
must lie flat in parallel relation to the forward emitting 
end face 41 a of the laser diode 41 . 
[0058] Fig. 8 illustrates the shape of a lead frame con- 
necting a plurality of the leads 44 of Fig. 7 through a tie 
bar 48, which lead frame is used during the manufacture 
of the semiconductor laser device shown in Fig. 7. in 
Fig. 8, reference numeral 47 represents a retaining 
member. 

[0059] A sixth preferred embodiment of the present 
invention is shown in Figs. 9 and 10. According to this 
sixth embodiment of the present invention, a tip of a lead 
54 is so shaped as to provide a generally U-shaped 
groove 59 within which a monitor photodiode 55 is 
mounted. A surface area on which the monitor photodi- 
ode 55 is mounted is substantially parallel to, but offset 
relative to a mount surface area on which a laser diode 
chip 51 is mounted while enabling the beam from the 
laser diode chip 51 to be incident upon the monitor pho- 
todiode 45. 

[0060] Fig. 9 illustrates a condition prior to the semi- 
conductor laser chip 51 and its surrounding being cov- 
ered by the resin layer. Even in this embodiment, when 
the laser diode chip 51 is covered by the resin layer, that 
portion of the resin layer aligned with a forward emitting 
end face 51a of the laser diode 51 must have a resin 
thickness not greater than 50pu/n and, at the same time, 
must lie flat in parallel relation to the forward emitting 
end face 51 a of the laser diode 51 . 
[0061] Fig. 10 illustrates the shape of a lead frame 
connecting a plurality of the leads 54 of Fig. 9 through 
a tie bar 58, which lead frame is used during the manu- 
facture of the semiconductor laser device shown in Fig. 
9. In Fig. 10, reference numeral 57 represents a retain- 
ing member. 

[0062] Fig. 1 1 illustrate a laser emission characteristic 
exhibited by the semiconductor laser device which, as 
shown in connection with any one of the foregoing em- 
bodiments of the present invention, the forward emitting 
end face of the laser diode chip is covered by the resin 
layer lying parallel thereto and having a resin thickness 
not greater than 500(im. As can be seen from the laser 
emission characteristic shown in Fig. 11, since the for- 
ward emitting end face of the semiconductor laser chip 
is covered by the resin layer of 500|im in resin thickness 
and made of a single synthetic resin, both of a curve 8|| 
representing a pattern of distribution of the laser beam 
in a horizontal direction relative to an active layer in 
which a laser oscillation takes place and a curve 6± rep- 
resenting that in a vertical direction relative to the active 
layer exhibit a single peak. 

[0063] Also, since that portion of the resin layer 
aligned with the forward emitting end face of the semi- 
conductor laser chip lies parallel to such forward emit- 
ting end face, both of the curves shown in the graph of 
Fig. 11 exhibit no deviation of the optical axis. 
[0064] Thus, according to any one of the foregoing 



embodiments, the present invention has made it possi- 
ble to provide the semiconductor laser device which can 
be effectively used as a light source in an optical disc 
recording and/or reproducing system to the best advan- 
s tage. 

[0065] It is to be noted that, in the practice of any one 
of the foregoing embodiments of the present invention, 
the resin thickness of the resin layer suffices to be not 
- greater than 500um Even when the resin thickness is 

io chosen to be 400, 300, 200 or 1 OOujti, the resultant sem- 
iconductor laser device can exhibit satisfactory charac- 
teristics. However, if the resin thickness is too small, cor- 
rosion may occur at the forward emitting end face of the 
semiconductor laser chip under the influence of ambient 

is humidity and this may lead to a considerable variation 
in electric operating current of the laser device and, 
therefore, the minimum allowable resin thickness is 
preferably 10um 

[0066] From the foregoing description, it has now be- 
20 come clear that, according to the present invention, 
since the forward emitting end face of the semiconduc- 
tor laser chip is covered by the resin layer of not greater 
than 500u.m in resin thickness while lying parallel there- 
to, the laser beam emitted from the outwardly oriented 
25 laser emitting end face of the semiconductor laser chip 
can exhibit such a laser emission characteristic that 
there is no possibility of loosing a single peak and, yet, 
there is no deviation of the optical axis. Accordingly, the 
present invention has made it possible to provide the 
30 semiconductor laser device which can be effectively 
used as a light source in an optical disc recording and/ 
or reproducing system to the best advantage. 
[0067] It is also clear that, according to one embodi- 
ment of the present invention, since the monitor photo- 
ns diode is mounted on a portion of the stem inwardly of 
the semiconductor laser chip, the monitor photodiode 
can monitor the power of the laser beam emitted from 
the semiconductor laser chip. Accordingly, it is possible 
for the monitor photodiode to monitor the laser beam 
40 having such a laser emission characteristic that there is 
no possibility of loosing a single peak and, yet, there is 
no deviation of the optical axis. 
[0068] It is further clear that, according to another em- 
bodiment of the present invention, the monitor photodi- 
45 ode can receive the laser beam emitted from the inward- 
ly oriented beam emitting end face of the semiconductor 
laser chip since the semiconductor laser chip is mount- 
ed on the lead through the sub-mount while the monitor 
photodiode is mounted on that portion of the lead in- 
50 wardly of the semiconductor laser chip whereby a light 
receiving surface of the monitor photodiode extend ver- 
tical relative to the inwardly oriented beam emitting end 
face of the semiconductor laser chip. Accordingly it is 
clear that the power of the laser beam having such a 
55 laser emission characteristic that there is no possibility 
of loosing a single peak and, yet, there is no deviation 
of the optjcal axis can be monitored effectively. 
[0069] According to another embodiment of the 
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present invention, since the monitor photodiode is 
mounted in the groove formed in the lead at a location 
inwardly of the semiconductor laser chip with the light 
receiving surface thereof extending vertical relative to 
the inwardly oriented beam emitting end face of the 
semiconductor laser chip, the monitor photodiode can 
easily receive the laser beam emitted from the inwardly 
oriented beam emitting end face of the semiconductor 
laser chip. Accordingly, it is clear that the power of the 
laser beam having such a laser emission characteristic 
that there is no possibility of loosing a single peak and, 
yet, there is no deviation of the optical axis can be mon- 
itored effectively. 

[0070] A seventh preferred embodiment of the 
present invention will now be described with reference 
to Figs. 12 to 15. Referring particularly to Figs. 12 and 
13, a laser diode chip 71 and a photodiode 72 are 
mounted on a lead frame pin 73 and are hermetically 
sealed by a transparent resin layer 74. It is to be noted 
that a portion of the lead frame pin 73 where the laser 
diode chip 71 is mounted is raised to a level somewhat 
higher than the level of another portion of the lead frame 
pin 73 where the photodiode 72 is mounted. Specifically, 
the photodiode 72 is so mounted on a surface of the 
lead frame pin 73 that a rear beam emitting end face of 
the laser diode chip 71 may lie perpendicular to a light 
receiving surface of the photodiode 72. 
[0071] The laser diode chip 71 and the photodiode 72, 
both mounted on the lead frame pin 75, are electrically 
connected with the lead frame pin 75 and a lead frame 
pin 76 by means of respective wires W1 and W2. 
[0072] The semiconductor laser device of the above 
described construction shown in and described with par- 
ticular reference to Figs. 12 and 13 can be prepared in 
the following manner. As shown in Fig. 14, a plurality of 
sets of lead frame pins 73, 75 and 76 connected togeth- 
er by means of a tie bar 78 in a predetermined pattern 
is used with each set of the lead frame pins 73, 75 and 
76 fixed in position by a corresponding fixture 77 of syn- 
thetic resin. After the laser diode chip 71 and the pho- 
todiode 72 have been mounted on each lead frame pin 
73 with the wires W1 and W2 bonded thereto so as to 
extend from the laser diode chip 71 to the lead frame 
pin 75 and from the photodiode 72 to the lead frame pin 
76, respectively, both of the laser diode chip 71 and the 
photodiode 72 on each lead frame pin 72 are sealed by 
the transparent resin 24, following separation of the sets 
of the lead frame pins 73, 75 and 76 from the tie bar 78 
by the use of any known cutting technique, thereby com- 
pleting the semiconductor laser devices. 
[0073] Figs. 15 and 16 illustrate an eighth preferred 
embodiment of the present invention. This eighth em- 
bodiment of the present invention differs from the pre- 
viously discussed seventh embodiment of the present 
invention in that, as best shown in Fig. 16, each set of 
the lead frame pins 73, 75 and 76 with the corresponding 
fixture 78 and the tie bar 79 are formed with positioning 
holes 80 and positioning grooves 81 . 



[0074] The use of the positioning holes 80 and the po- 
sitioning grooves 81 is advantageous in that a lead 
frame pin assembly 82 can easily be positioned to allow 
the laser diode chip 71 and the photodiode 72 to be ac- 

5 curately mounted on each lead frame pin 73 at the re- 
spective predetermined positions. 
[0075] Fig. 17 illustrates a relationship between the 
resin thickness of a transparent resin layer, used to seal 
both of the laser diode chip and the photodiode in the 

10 semiconductor laser device according to a ninth pre- 
ferred embodiment of the present invention, and a phe- 
nomenon of deterioration of the semiconductor laser de- 
vice. Data shown in Fig. 17 speak of results of experi- 
ments in which seven semiconductor laser devices hav- 

15 jng the respective resin layers of different resin thick- 
nesses were allowed to stand under an atmosphere of 
65°C in temperature and 95% in absolute humidity and 
a change in laser operating current was examined every 
50 hours. Fig. 18 illustrates the relationship between the 

20 length of time H during which the semiconductor laser 
device having the resin layer of 0.1 u/n was allowed to 
stand and the amount of change Alop in operating cur- 
rent. 

[0076] As can readily be understood from Figs. 17 and 
25 18, when the resin thickness of the resin layer sealing 
both of the laser diode chip and the photodiode is equal 
to or smaller than 10u,m, deterioration was observed. 
However, when the resin thickness is greater than 
10|im, no deterioration was observed. This clearly sug- 
30 gests that the resin layer sealing the laser diode chip 
and the photodiode should have a resin thickness great- 
er than 10um 

[0077] According to the seventh embodiment of the 
present invention, the efficiency of incidence of the laser 
35 beam upon the monitor photodiode can be increased 
and, also, the laser unit can be assembled in a compact 
size. 

[0078] According to the eighth embodiment of the 
present invention, the positioning of the read frame can 
40 be accurately performed and, therefore, not only can 
both of the laser diode chip and the photodiode be ac^ 
curately mounted on each lead frame to thereby in- 
crease the productivity, but the accuracy of the semicon- 
ductor laser device can also be increased. 
45 [0079] In addition, the selection of the resin thickness 
of the resin layer to be greater than 1 0(im is effective to 
avoid any possible deterioration under the influence of 
ambient humidity, making it possible to provide the sem- 
iconductor laser device having an excellent environ- 
50 mental stability. 

[0080] A tenth preferred embodiment of the present 
invention is shown in Figs. 19 to 22. A semiconductor 
laser device according to the tenth embodiment of the 
present invention is prepared from an insert-type flat 
55 lead frame 123 best shown in Fig. 21. The insert-type 
flat lead frame 1 23 has common leads 1 24 on which re- 
spective semiconductor laser chips are mounted. 
[0081] More specifically, each of the common leads 
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1 24 has a tip formed with a chip mount 1 25. A respective 
semiconductor laser chip 121 is mounted on an upper 
surface of the chip mount 125. This chip mount 125 is 
in turn formed with a generally U-shaped recess 125a 
having a generally V-shaped longitudinal section and 5 
positioned inwardly of the semiconductor laser chip 1 21 
on the chip mount 125 as best shown in Fig. 20. A re- 
spective monitor photodiode chip 122 is subsequently 
mounted in the recess 125a with a front lower corner 
thereof sunk deep into the recess 1 25a while a light re- 10 
ceiving surface 1 22a thereof is so inclined as to confront 
an inwardly oriented beam emitting end face 1 21 a of the 
semiconductor laser chip 121. 
[0082] Each semiconductor laser chip 1 21 and each 
monitor photodiode chip 122 are electrically connected 
through wires 129 and 130 with leads 126 and 127 po- 
sitioned on respective sides of the associated common 
lead 124, respectively. Thereafter, the semiconductor 
laser chip 121, the monitor photodiode chip 122 and the 
wires 129 and 130 associated with each common lead 
124 are encapsulated by a resin layer (not shown). 
[0083] By so doing, a laser beam emitted from an in- 
wardly oriented beam emitting end face of the respec- 
tive semiconductor laser chip 1 21 in a direction inwardly 
thereof can be efficiently impinged upon the light receiv- 
ing surface 1 22a of the associated monitor photodiode 
chip 122 to achieve a monitoring of the power of the la- 
ser beam. ( 

[0084] The semiconductor laser device according to 
the tenth embodiment of the present invention has the 
semiconductor laser chip 121, the monitor photodiode 
1 22 and the wires 1 29 and 1 30 all encased within a gen- 
erally cylindrical protective casing 131 made of plastics 
and having one end closed, to thereby protect the sem- 
iconductor laser chip 121, the monitor photodiode 122 
and the wires 1 29 and 1 30 from external forces. 
[0085] As best shown in Fig. 22, the cylindrical pro- 
tective casing 131 is comprised of generally semicylin- 
drical, upper and lower casing components 132 and 133 
which are so divided at a level where the leads 1 24, 1 26 
and 127 extends through an end wall of the cylindrical 
protective casing 1 31 . A generally semicircular end wall 
1 32a or 1 33a of each of the upper and lower casing com- 
ponents 132 and 133 has an edge portion formed with 
cutouts 124a, 126a and 127a for accommodating the 
leads 124, 126 and 127, respectively, in cooperation 
with the cutouts 1 24b, 126b and 127b defined in the oth- 
er semicircular end wall 133a or 132a when the upper 
and lower casing components 132 and 133 are com- 
bined together to complete the cylindrical protective 
casing 131. 

[0086] During the manufacture of the semiconductor 
laser devices, pairs of the upper and lower casing com- 
ponents 1 32 and 1 33 are positioned from above and be- 
low relative to the respective sets of the leads 124, 126 
and 127 with the semicircular end walls 132a and 133a 
aligned with the phantom line L-L shown in Fig. 21 and 
the upper and lower casing components 1 32 and 1 33 of 



each pair are subsequently bonded together so as to 
enclose the associated chip mount 125. The bonding of 
the upper and lower casing components 1 32 and 1 33 to 
complete the cylindrical protective casing 1 31 may be 
carried out by the use of an adhesive agent or a fusion 
bonding technique. 

[0087] After the mounting of the upper and lower cas- 
ing components 1 32 and 1 33 in the manner described 
above to complete the cylindrical protective casings 1 31 
one for each set of the leads 1 24, 1 26 and 1 27, the com- 
mon leads 124 are separated by cutting from the tie bar 
123a at respective portions of the leads 124, 126 and 
127 inwardly with respect to the tie bar 123a, thereby 
completing the individual semiconductor laser devices 
each being of a structure wherein the semiconductor la- 
ser chip 121, the monitor photodiode 122 and the wires 
129 and 130 are encased within the protective casing 
131. 

[0088] While in the prior art semiconductor laser de- 
vice all of the semiconductor laser chip, the monitor pho- 
todiode chip and the wires are exposed bare and are 
not sufficiently protected, the semiconductor laser de- 
vice according to the tenth embodiment of the present 
invention shown in Figs. 19 to 22 is advantageous in 
that respective free end portions of the leads 124, 126 
and 127 where the semiconductor laser chip, the mon- 
itor photodiode chip and the wires are provided are ef- 
fectively protected by the cylindrical protective casing 
131 of a generally cup-like configuration. Accordingly, 
all of the semiconductor laser chip 1 21 , the monitor phor 
todiode chip 1 22 and the wires 1 29 and 1 30 are not ex- 
posed outwardly and are sufficiently protected from ex- 
ternal forces. 

[0089] Also, since the semiconductor laser devices 
according to the tenth embodiment of the present inven- 
tion are fabricated on the insert-type lead frame 123, the 
manufacture thereof can advantageously be simplified 
while making it possible to assemble each semiconduc- 
tor laser device in a compact size and at a reduced cost. 
[0090] The semiconductor laser device according to 
an eleventh preferred embodiment of the present inven- 
tion which will now be described with reference to Fig. 
23 is generally similar to that according to the tenth em- 
bodiment of the present invention and, therefore, in de- 
scribing the eleventh embodiment of the present inven- 
tion, parts shown in Fig. 23, but similar to those shown 
in Figs. 19 to 22 are designated by like reference nu- 
merals used in Figs. 19 to 22. 
[0091] In the previously described tenth embodiment 
of the present invention, the monitor photodiode chip 
has been shown and described as positioned within the 
generally V-sectioned recess formed at the free end of 
each common lead of the lead frame. However, accord- 
ing to the eleventh embodiment of the present invention 
shown in Fig. 23, the free end of each common lead 1 24 
is formed with a chip mount 125 on which the monitor 
photodiode 1 22 is mounted directly with its light receiv- 
ing surface 122a oriented upwardly. On the other hand, 
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the semiconductor laser chip 121 is mounted on a sub- 
mount 134 which is in turn mounted on the chip mount 
1 25 at such a position that a laser beam emitted from 
the inwardly oriented beam emitting end face 1 21 a of 
the semiconductor laser chip 121 can impinge upon the 
light receiving surface 122a of the monitor photodiode 
chip 122. 

[0092] As is the case with the tenth embodiment of 
the present invention, all of the semiconductor laser chip 
1 21 , the monitor photodiode chip 1 22 and the wires (not 
shown) are encased within the cylindrical protective 
casing 1 31 and are not therefore exposed to the outside. 
[0093] In the eleventh embodiment of the present in- 
vention shown in Fig. 23 the monitor photodiode chip is 
provided separate from the sub-mount. However, in the 
twelfth embodiment of the present invention shown in 
Fig. 24, the monitor photodiode chip is formed within a 
sub-mount 1 35 and is in turn so disposed that the in- 
wardly oriented beam emitting end face 121a of the 
semiconductor laser chip 1 21 and the light receiving sur- 
face 135a of the monitor photodiode chip can assume 
respective positions similar to those in the eleventh em- 
bodiment of the present invention. 
[0094] In the thirteenth embodiment of the present in- 
vention shown in Fig. 25, although a generally cylindrical 
protective casing 136 comprised of upper and lower 
casing components 137 and 138 shown therein is sub- 
stantially similar to the protective casing 131 used in the 
tenth embodiment of the present invention shown in 
Figs. 19 to 22, the protective casing 136 shown in Fig. 
25 is made of metal in order for the protective casing 
136 to have an increased strength with respect to the 
elevated temperature. 

[0095] The use of metal as material for the protecting 
casing 1 36 poses a problem associated with thermal in- 
sulation between the common lead 124 and any one of 
end walls 1 37a and 1 38a of the respective upper and 
lower casing components 1 37 and 1 38. In view of this, 
according to the thirteenth embodiment shown in Fig. 
25, thermally insulating material 39 such as, for exam- 
ple, glass having a low melting point are filled in respec- 
tive holes, which are defined by the cutouts in each of 
the end walls 1 37a and 1 38a of the upper and lower cas- 
ing components 1 37 and 1 78 when the latter are bonded 
together to complete the cylindrical protective casing 
1 36, to thereby fill up a gap formed between each of the 
leads 124, 126 and 127 and the corresponding hole in 
the end wall of the cylindrical protective casing 136. 
[0096] It is to be noted that the structure other than 
the protective casing 137 is substantially identical with 
that in the tenth embodiment of the present invention 
shown in Figs. 19 to 22. 

[0097] In the fourteenth embodiment of the present in- 
vention shown in Fig. 26, a cylindrical protective casing 
1 42 shown therein is comprised of upper and lower cas- 
ing components 1 43 and 1 44. Unlike the cylindrical pro- 
tective casing 136 used in the thirteenth embodiment 
wherein the upper casing component 137 has a volume 



greater than that of the lower casing component 138, 
the cylindrical protective casing 142 employed in the 
fourteenth embodiment of the present invention is such 
that the upper casing component 143 has a volume 
5 smaller than that of the lower casing component 1 44 by 
the following reason. 

[0098] As clearly shown in Fig. 26, in the fourteenth 
embodiment of the present invention, the free end por- 
tion of the common lead 141 is so shaped by the use of 

10 a forming technique as to incline downwardly at 141a 
and then to extend straight horizontally at 1 41 b; Where- 
as the semiconductor laser chip 121 is mounted on the 
horizontally extending area 141b of the free end portion 
of the common lead 141, the monitor photodiode chip 

is 1 22 is mounted on the inclined area 1 41 a of the free end 
portion of the common lead 141 with its light receiving 
surface 122a facing towards the semiconductor laser 
chip 121. The use of the particular shape at the free end 
portion of the common lead 1 41 Is advantageous in that 

20 the efficiency at which the laser beam emitted from the 
inwardly oriented beam emitting end face 121a of the 
semiconductor laser chip 1 21 is received by the monitor 
photodiode chip 22 can be increased. 
[0099] In this way, the semiconductor laser chip 121 

25 and the monitor photodiode chip 1 22 both positioned at 
a level lower than the remaining portion of the common 
lead 141 are substantially enclosed by the lower casing 
component 144 having a relatively great volume while 
the upper casing component 1 43 is used as a lid forclos^ 

30 jng an upper opening of the lower casing component 
144, thereby permitting the semiconductor laser chip, 
the monitor diode and the wires to be assuredly protect- 
ed from external forces. 

[0100] In a fifteenth preferred embodiment of the 
35 present invention shown in Fig. 27, the structure of the 
protective casing 1 31 and the attachment of the semi- 
conductor laser chip 121, the monitor photodiode chip 
122 and the protective casing 131 to the common lead 
124 are substantially identical with those employed in 
40 the tenth embodiment of the present invention as shown 
in Figs. 19 to 22. 

[0101] However, the opening of the cylindrical protec- 
tive casing 131 is closed by a lid 145 having an optical 
lens 146 affixed to a portion of said lid 145 aligned with 

4S the outwardly oriented beam emitting end face 1 21 b of 
the semiconductor laser chip 121. This design shown in 
Fig. 27 is particularly advantageous in that the laser 
beam emitted from the outwardly oriented beam emit- 
ting end face 121b of the semiconductor laser chip 121 

so can be focused by the optical lens 146 to provide the 
laser beam of a high density of energies out of the cy- 
lindrical protective casing 131. 
[0102] In a sixteenth embodiment of the present in- 
vention shown in Fig. 28, instead of the optical lens 146 

55 employed in the fifteenth embodiment shown in Fig. 27, 
a holographic glass element 147 is fitted to that portion 
of the lid 1 45 which is aligned with the outwardly oriented 
beam emitting end face 1 21 b of the semiconductor laser 
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chip 121. With the use of the holographic glass element 
147, the assembly can be formed into a hologram laser 
unit. 

[0103] It is to be noted that the structure of the pro- 
tective casing 131 and the attachment of the semicon- 
ductor laser chip 121, the monitor photodiode chip 122 
and the protective casing 131 to the common lead 124, 
both employed in the practice of the sixteenth embodi- 
ment of the present invention, are substantially identical 
with those shown in Figs. 19 to 22. 
[0104] In a seventeenth preferred embodiment of the 
present invention shown in Fig. 29, the use is made of 
an optical fiber 148 for taking the laser beam out of the 
cylindrical protective casing 1 31 . As shown therein, one 
end of the optical fiber 148 is inserted fixedly through 
the lid 145 so that an end face 148a of the optical fiber 
1 48 confronts the outwardly oriented beam emitting end 
face 1 21 b of the semiconductor laser chip 1 21 . The use 
of the optical fiber 148 is particularly advantageous in 
that the laser beam emitted from the outwardly oriented 
beam emitting end face 1 21 b of the semiconductor laser 
chip 121 can be guided in any desired direction outward- 
ly of the protective casing 1 31 . 
[0105] It is to be noted that the structure of the pro- 
tective casing 1 31 and the attachment of the semiccHV 
ductor laser chip 121 , the monitor photodiode chip 122 
and the protective casing 131 to the common lead 124, 
both employed in the practice of the seventeenth em- 
bodiment of the present invention, are substantially 
identical with those shown in Figs. 19 to 22. 
[0106] Figs. 30(a) to 30(f) illustrate sequential steps 
of manufacture of the semiconductor laser devices ac- 
cording to an eighteenth preferred embodiment of the 
present invention. The method shown in Figs. 30(a) to 
30(f) is so designed and so practiced that generally cy- 
lindrical protective casings each used to enclose the 
semiconductor laser chip, the monitor photodiode and 
the wires for a single semiconductor laser device is 
framed integrally so as to facilitate the mounting of the 
respective cylindrical protective casing onto the lead 
frame. 

[0107] As shown in Fig. 30(b), the use is made of a 
lead frame 151 of such a shape as shown in Fig. 30(a) 
having common leads 1 52, and the semiconductor laser 
chip 121 is mounted on a free end or tip of each of the 
common leads 1 52, followed by a mounting of the mon- 
itor photodiode chip 122 at a position inwardly of the 
semiconductor laser chip 121 . The manner in which the 
semiconductor laser chip 1 21 and the monitor photo-di- 
ode chip 22 are mounted on the respective common 
lead 1 52 may be similar to that shown in any one of Figs. 
20, 23, 24 and 26, although in the eighteenth embodi- 
ment they are assumed as mounted in the manner as 
shown in Fig. 20. 

[0108] Then, as shown in Fig. 30(c), the semiconduc- 
tor laser chip 121 (this reference numeral being not used 
in Fig. 30(c)) on each common lead 152 is electrically 
connected with a lead 153 on one side of the common 



lead 1 52 by means of an Au wire 155 and, similarly, the 
monitor photodiode chip 1 22 (this reference numeral be- 
ing not used in Fig. 30(c)) on each common lead 152 Is 
electrically connected with a lead 154 on the other side 

5 of the common lead 152. 

[0109] Thereafter, as shown in Fig. 30(d), preparation 
is made of a protective casing frame 1 59 in which a plu- 
. rality of protective members 157 connected in series 
with each other by means of discrete connecting rods 

10 158, each of said protective members 157 being of such 
a shape as will be described later. Respective assem- 
blies each including the juxtaposed leads 152, 153 and 
154 are inserted into the respective protective members 
157 with the chips 121 and 122 on each common lead 

15 152 positioned inside the associated protective member 

157 together with the wires 155 and 156. 

[0110] After the insertion of the assemblies into the 
protective members 1 57 as shown in Fig. 30(d), the con- 
necting rods 1 58 of the protective casing frame 159 and 

20 the leads 152, 153 and 156 of the lead frame 151 are 
cut to separate the assemblies individually to thereby 
provide the individual semiconductor laser devices each 
being of a construction shown in Fig. 20. 
[011 1] Each of the protective members 1 57 of the pro- . 

25 tective casing frame 159 referred to above is of such a 
shape as shown in Figs. 31 and 32. Each protective 
member 157 is in the form of a generally cylindrical cas- 
ing having an inner peripheral surface formed with ctr- 
cumferentialty spaced axial grooves 158 and 159 for 

30 slidingly receiving the leads 1 53 and 1 54 as the respec- 
tive assembly including the leads 1 52, 1 53 and 1 54 with 
the chips 121 and 122 mounted on the common lead 

152 is inserted into such cylindrical protective casing 
157. 

35 [0112] In order to secure each assembly in position 
within the respective cylindrical protective casing 157, 
after the assembly has been inserted into the cylindrical 
protective casing 157 with the leads 153 and 154 re- 
ceived in the circumferentially spaced axial grooves 1 58 

40 and 159 in the inner peripheral wall surface of the cylin- 
drical protective casing 157, a bonding resin is deposit- 
ed at respective portions of an annular end face 160 of 
the cylindrical protective casing 157 where the leads 

153 and 154 are securely connected to the protective 
45 casing 157 by means of the resin deposits 161 and 161 

as best shown in Fig. 32. 

[011 3] It is to be noted that, if each of the axial grooves 

1 58 and 1 59 is chosen to have a length sufficient to allow 
the associated cylindrical protective casing 1 57 to com- 

so pletely enclose all of the semiconductor laser chip 121, 
the monitor photodiode 1 22 and the wires 1 55 and 1 56, 
they can be effectively and satisfactorily be protected. 
[0114] A nineteenth preferred embodiment of the 
present invention is shown in Fig. 33. In this embodi- 

55 ment, the protective casing employed therein is identical 
with the protective casing*131 shown in Figs. 19 to 22. 
[011 5] As shown in Fig. 33, the tip of the common lead 
162 enclosed in the protective casing 131 represents a 
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generally T shape including transverse and axial bars 

1 63 and 1 64 corresponding in position to transverse and 
vertical arms of the shape of a figure "T", respectively. 
The semiconductor laser chip 1 21 is mounted oh an in- 
termediate portion of the transverse bar 163 of the com- 
mon lead 1 62. A portion of the axial bar 1 64 of the com- 
mon lead 162 adjacent the transverse bar 163 is bent 
so as to incline downwardly to provide an inclined mount 
area where the monitor photodiode chip 1 22 is mounted 
so as to confront the semiconductor laser chip 121 . The 
semiconductor laser chip 121 mounted on the interme- 
diate portion of the transverse bar 163 of the common 
lead 162 is electrically connected with the lead 166 by 
means of the wire 1 68 while the monitor photodiode chip 
1 22 mounted on the inclined mount area of the axial bar 

164 of the common lead 162 is electrically connected 
with the lead 165 by means of the wire 167. 

[01 1 6] It is to be noted that, in the nineteenth embod- 
iment of the present invention the transverse bar 1 63 of 
the common lead 162 has a length greater than the inner 
diameter of the cylindrical protective casing 1 31 and the 
common lead 162 is securely sandwiched between the 
upper and lower casing components 1 32 and 1 33 of the 
cylindrical protective casing 1 31 . 
[0117] Also, in the nineteenth embodiment of the 
present invention, each of the leads 165 and 166 has 
its free end portion bent to represent a shape similar to 
the shape of a figure 'L' with its free extremity being 
sandwiched between the upper and lower casing com- 
ponents 1 32 and 1 33 of the cylindrical protective casing 
1 31 as is the case with the common lead 1 62. 
[01 1 8] Thus, according to the nineteenth embodiment 
of the present invention, the protective casing 131 is 
fixed to the leads 162, 165 and 166 at lateral sides and 
a bottom portion of each of the upper and lower casing 
components 1 32 and 1 33 and, accordingly, the cylindri- 
cal protective casing 131 can be secured fixed in posi- 
tion. It is to be noted that, in the description of the nine- 
teenth embodiment of the present invention, the monitor 
photodiode chip 122 has been mounted on the inclined 
mount area of the axial bar 1 64 of the common lead 1 62 
so that the laser beam from the semiconductor laser 
chip 121 can effectively impinge upon the monitor pho- 
todiode chip 122. However, the present invention is not 
always limited thereto and the semiconductor laser chip 
121 may be mounted on the common lead 162 through 
a sub-mount, in a manner similar to Fig. 23, while the 
axial bar of the common lead is made straight, i.e., with- 
out the common lead being bent to provide the axial bar. 
[0119] Fig. 34 illustrates in a perspective view the 
semiconductor laser device according to a twentieth 
preferred embodiment of the present invention. A pro- 
tective casing 171 employed in this embodiment is of a 
shape corresponding to a generally cylindrical barrel 
having one end closed, but having a portion cut along a 
line parallel to the longitudinal axis thereof. More spe- 
cifically, the protective casing 171 includes a U shaped 
body and an end wall 171a and is integrally molded to- 



gether with leads 172. 173 and 174. These leads 172, 
173 and 174 are formed so as to protrude outwardly 
from opposite surfaces of the end wall 171a in a direc- 
tion perpendicular to such end wall 171a. The semicon- 

5 ductor laser chip 121 is mounted on a tip of the lead 172 
situated within the body of the protective casing 171 
while the monitor photodiode chip 122 is mounted on 
the lead 172 at a location axially inwardly of the semi- 
conductor laser chip 121 in an inclined fashion to allow 

10 the light receiving surface thereof to confront the semi- 
conductor laser chip 121. 

[0120] The semiconductor laser chip 121 is electrical- 
ly connected with the lead 173 by means of a wire 175 
while the monitor photodiode chip 1 22 is electrically con- 

15 nected with the lead 1 74 through a wire 176. The twen- 
tieth embodiment of the present invention is particularly 
advantageous in that, since a lateral portion of the pro- 
tective casing 1 71 on one side of the semiconductor la- 
ser chip 121 and facing a plane in which the leads 172, 

20 173 and 1 74 are disposed is axially cut away, die-bond- 
ing and wire-bonding can be efficiently effected to the 
leads 172, 173 and 174 with a high workability. 
[0121] Fig. 35 illustrates in a side sectional view the 
semiconductor laser device according to a twenty-first 

25 preferred embodiment of the present invention. A pro- 
tective casing 181 shown therein is in the form of a gen- 
erally cylindrical protective casing having its opposite 
ends closed by respective end walls. This cylindrical 
protective casing 181 is separable into upper and lower 

30 casing components 1 82 and 1 83 as is the case with the 
cylindrical protective casing shown in Figs. 19 to 22. A 
tip of a lead 184 securely sandwiched between respec- 
tive end walls 182a and 182b of the upper and lower 
casing components 182 and 183 carries the semicon- 

35 ductor laser chip 1 21 mounted thereon, and the monitor 
photodiode chip 1 22 is also mounted on the lead 184 at 
a location adjacent to and axially inwardly from the sem- 
iconductor laser chip 121 in an inclined fashion to permit 
the light receiving surface of the monitor photodiode 

40 chip 1 22 to confront the semiconductor laser chip 1 21 . 
[0122] An intermediate portion of the joint between 
end walls 1 82b and 1 83b of the upper and lower casing 
components 182 and 183, that is, a central portion of 
one of the opposite end walls of the cylindrical protective 

45 casing 181 adjacent the semiconductor laser chip 121, 
is formed with a through-hole 182c for the passage of 
the laser beam from the semiconductor laser chip 121 
outwardly of the cylindrical protective casing 1 81 . Thus, 
other than a portion confronting the outwardly oriented 

so beam emitting end face of the semiconductor laser chip 
1 21 , the cylindrical protective casing 1 81 completely en- 
closes the component parts to minimize any possible 
influence brought about by external light. 
[0123] Also, in the twenty-first embodiment shown in 

55 Fig. 35, an entire inner surface of the cylindrical protec- 
tive casing 1 81 is coated with a light absorbing layer 1 86 
so that a portion of the laser beam emitted from the in- 
wardly oriented beam emitting end face of the semicon- 
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ductor laser chip 121 nd/or external light entering inte- 
riorly through the through-hole 182c can be absorbed 
by the light absorbing layer 1 86. 
[0124] According to the embodiment shown in Fig. 35, 
the intensity of the laser beam emitted from the outward- s 
ly oriented beam emitting end face of the semiconductor 
laser chip 121 can be controlled accurately. Also, even 
when the laser beam emitted from the inwardly oriented 
beam emitting end face of the semiconductor laser chip 
1 21 is reflected by the surface of the monitor photodiode . 1 o 
chip 122, the reflected beam can be absorbed by the 
light absorbing layer 186 and, therefore, any possible 
emission of the reflected beam out of the protective cas- 
ing 181 can be avoided. Accordingly, no ripple occur in 
a far field pattern of the emitted laser beam. 1$ 
[0125] Figs. 36 and 37 illustrate, in perspective and 
side views, respectively, the semiconductor laser device 
according to a twenty-second preferred embodiment of 
the present invention. A protective casing 191 employed 
in this embodiment is of a generally U-shaped configu- 20 
ration integrally molded with the leads 1 92, 1 93 and i 94. 
The semiconductor laser chip 121 is mounted on a tip 
of the lead 1 92 through a sub-mount 1 34 while the mon-, 
itor photodiode chip 122 is mounted on the lead 192 at 
a position inwardly of the semiconductor laser chip 121 . 25 
[0126] Respective end faces of the leads 192, 193 
and 194 encompassed within the U-shaped protective 
casing 191 are formed with reference faces 192a, 193a 
and 194a lying on the same plane, and the semiconduc- 
tor laser chip 121 is mounted on the lead 192 with its 30 
outwardly oriented beam emitting end face 121b flush 
with any one of the reference faces 192a, 193a and 
194a. 

[0127] The provision of the reference faces 192a, 
1 93a and 1 94a at the respective end faces of the leads 35 
1 92, 1 93 and 1 94 is effective to improve the accuracy 
with which the semiconductor laser device of the 
present invention is fitted to an external system. Also, 
the formation of the protective casing 1 91 so as to have 
a generally U-shaped cross-section is effective to pre- 40 
serve a balance among the attachment of the semicon- 
ductor laser chip 121 and others, the attachment of the 
semiconductor laser device to the external system and 
the productivity of the semiconductor laser chip 121. 
[0128] Figs. 38 and 39 illustrate, in perspective and 4$ 
side views, respectively, the semiconductor laser device 
according to a twenty -third preferred embodiment of the 
present invention. A protective casing 1 95 employed in 
this embodiment is of a generally U-shaped configura- 
tion including a generally rectangular base 1 96 and a so 
pair of side walls 1 97 and 1 97 perpendicular to the base 
196. The base 196 has an inner surface 196a formed 
with a printed pattern of a lead 198 and a plurality of 
leads.1 99 by the use of a circuit printing technique. The 
lead 1 98 has atip on which the semiconductor laserchip ss 
121, is mounted through the sub-mount 122 and the 
monitor photodiode chip 1 22 is also mounted thereon at 
a location inwardly of the semiconductor laserchip 121. 



A detector photodiode chip 100 adapted to detect a light 
signal delivered by the laser beam from the semicon- 
ductor laser chip 21 and subsequently reflected is 
mounted on a side face 1 96b of the base 1 96. 
[0129] The generally U-shaped protective casing 195 
employed in this embodiment also has reference faces 
defined by respective end faces 197a and 197a of the 
side walls 197 and 197 adjacent the side face 196b 
where the detector photodiode chip 100 is mounted, but 
positioned at a level protruding a slight distance out- 
wardly from the plane in which the side face 196b lies. 
[0130] As best shown in Fig. 39, a holographic glass 
plate 101 is secured to the reference faces 197a and 
1 97a of the protective casing 1 95 to provide a hologram 
laser unit. It is to be noted that the reference faces 1 97a 
and 1 97a may be defined by the opposite end faces 
197b and 197b of the side walls 197 and 197 remote 
from the side face 196b where the detector photodiode 
chip 100 is mounted. 

[0131] Fig. 40 illustrates the semiconductor laser de- 
vice according to a twenty-fourth preferred embodiment 
of the present invention. This embodiment relates to an 
improvement made in the protective casing 131 shown 
in Figs. 1 9 to 22 and, more particularly, to the arrange- 
ment in which a protective casing 110 is held even by 
respective tips of leads 1 1 3, 1 1 4 and 1 15 of a lead frame 
112. 

[0132] The protective casing 110 employed in the em- 
bodiment of Fig. 24 is separable into an upper casing 
component 1 1 1 and a lower casing component as is the 
case with the protective casing 131 shown in Figs. 19 
to 22, and the upper casing component 111 is fixed in 
position by causing a bottom portion 111a of the upper 
casing component 1 1 1 and a bottom portion of the lower 
casing component to hold the leads 113, 114 and 115. 
It is to be noted that in Fig, 40 only the upper casing 
component 111 is shown in section. 
[01 33] The semiconductor laser chip 1 21 is mounted 
on a chip mount 116 defined on the lead 113 while the 
monitor photodiode chip 122 is mounted on the lead 113 
at a position inwardly of the chip mount 116. 
[0134] Also, according to the twenty-fourth embodi- 
ment of the present invention, a lid 111b having a hole 
1 11 c defined therein is integrally formed with the protec- 
tive casing 110 at a location opposite to the bottom por- 
tion 111a. This lid 111b has a substantial thickness, arid 
respective tip portions 114a and 115a of the leads 114 
and 115 and opposite sides 116a and 116a of the chip 
mount 116 on the lead 112 are securely sandwiched be- 
tween mating faces of the lid 111b of the upper casing 
component 111 and a similar lid (not shown in Fig. 40) 
of the lower casing component when the upper and low- 
er casing components are joined together to provide the 
complete protective casing 110. In this way, by means 
of the lid 111b and the bottom portion 111 a the protective 
casing 110 is secured to the leads 113, 114 and 115. 
Accordingly, according to this embodiment shown in Fig. 
40, the fixing of the hollow protective casing 110 can be 
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made securely. 

[01 35] Where the semiconductor laser device accord- 
ing to any one of the foregoing embodiments is used as 
a light source in the optical disc recording and/or repro- 
ducing system, and when all of the semiconductor laser 5 
chip, the monitor photodiode chip and the wires are to 
be encased by the resin layer, it is preferred that that 
portion of the resin layer aligned with the outwardly ori- 
ented beam emitting end face of the semiconductor la- 
ser chip has a resin thickness of not greater than 500|im 10 
and, at the same time, lies parallel to the outwardly ori- 
ented beam emitting end face of the semiconductor la- 
ser chip. This is because, when the semiconductor laser 
device is to be used as the light source in the optical 
disc recording and/or reproducing system, any possible is 
deviation of the optical axis due to the presence of the 
resin layer covering the outwardly oriented beam emit- 
ting end face and any possible multiplex reflection of 
light between the outwardly oriented beam emitting end 
face and the surface of the resin layer may bring about 
problems. 

[0136] Fig. 11 illustrate a laser emission characteristic 
exhibited by the semiconductor laser device which the 
outwardly oriented beam emitting end face of the laser 
diode chip is covered by the resin layer lying parallel 
thereto and having a resin thickness not greater than 
500ujm. As can be seen from the laser emission char- 
acteristic shown in Fig. 11, since the outwardly oriented 
beam emitting end face of the semiconductor laser chip 
is covered by the resin layer of 500um in resin thickness 
and made of a single synthetic resin, both of a curve 8|| 
representing a pattern of distribution of the laser beam 
in a horizontal direction relative to an active layer in 
which a laser oscillation takes place and a curve 91 rep- 
resenting that in a vertical direction relative to the active 
layer exhibit a single peak. 1 

[0137] Also, since that portion of the resin layer 
aligned with the outwardly oriented beam emitting end 
face of the semiconductor laser chip lies parallel to such 
outwardly oriented beam emitting end face, both of the 
curves shown in the graph of Fig. 11 exhibit no deviation 
of the optical axis. 

[0138] Thus, according to any one of the foregoing 
embodiments, the present invention has made it possi- 
ble to provide the semiconductor laser device which can 
be' effectively used as a light source in an optical disc 
recording and/or reproducing system to the best advan- 
tage. 

[01 39] It is to be noted that, in the practice of any one 
of the foregoing embodiments of the present invention, 
the resin thickness of the resin layer suffices to be not 
greater than 500um Even when the resin thickness is 
chosen to be 400, 300, 200 or 1 00u.m, the resultant sem- 
iconductor laser device can exhibit satisfactory charac- 
teristics. However, if the resin thickness is too small, cor- 
rosion may occur at the outwardly oriented beam emit- 
ting end face of the semiconductor laser chip under the 
influence of ambient humidity and this may lead to a con- 



siderable variation in electric operating current of the la- 
ser device and, therefore, the minimum allowable resin 
thickness is preferably 10um 

[01 40] From the foregoing description, it has now be- 
come clear that, according to one embodiment of the 
present invention, since the protective casing fitted in- 
tegrally to the stem where the semiconductor laser chip 
and the monitor photodiode chip are mounted and cov- 
ered by the resin layer encloses to protect at least the 
semiconductor laser chip, the monitor photodiode chip, 
the first wire electrically connected with the semiconduc- 
tor laser chip and the second wire electrically connected 
with the monitor photodiode chip, the semiconductor la- 
ser chip, the monitor photodiode chip and the wires can 
be effectively protected from external forces. According- 
ly, the handling of the semiconductor laser device as 
well as the manufacturing process becomes easy. 
[0141] Also, according to another embodiment of the 
present invention, since the stem is constituted by a lead 
of a lead frame and the protective casing is employed 
in the form of a generally cylindrical casing closed at one 
end thereof with the lead extending through the end wall 
of the cylindrical casing, the semiconductor laser chip 
and the monitor photodiode chip enclosed within the cy- 
lindrical casing can be formed on the lead frame, ren- 
dering the process of making the semiconductor laser 
device to be simplified and, at the same time, making it 
possible to manufacture the semiconductor laser device 
in a compact size at a reduced cost. 
[0142], Again, according to a further embodiment of 
the present invention, the stem, a first conductor and a 
second conductor are constituted by respective leads of 
the lead frame, and the protective casing is employed 
in the form of a generally cylindrical casing closed at one 
end having an inner peripheral surface formed with cir- 
cumferential ly spaced grooves such that outermost two 
of the leads can be received in the respective grooves 
to secure the leads integrally to the protective casing. 
Therefore, when the protective casing is to be mounted 
around the leads, it can readily be accomplished by uti- 
lizing the grooves as guides along which the leads are 
guided during the insertion of the leads into the protec- 
tive casing. According to the present invention, there- 
fore, by utilizing the protective casings connected to- 
gether by means of connecting bars to provide a frame 
of protective casings, the protective casings so framed 
can easily be mounted around a plurality of sets of the 
leads, thereby increasing the productivity. 
[0143] Furthermore, according to another embodi- 
ment of the present invention, the protective casing is 
of a sealed structure except for a hole defined therein 
for the passage of the laser beam emitted from the out- 
wardly oriented beam emitting end face of the semicon- 
ductor laser chip and has its interior surface coated with 
the light absorbing layer. Accordingly, not only can ex- 
ternal light entering into the protective casing be effec- 
tively shielded, but portion of the laser beam which has 
failed to exit out of the protective casing and a slight 
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amount of light intruding through the hole can be ab- 
sorbed by the light absorbing layer. Therefore, not only 
can the handling be easy, but any possible influence 
brought about by the external light can be minimized to 
accomplish an accurate control of the intensity of the s 
laser beam emitted from the semiconductor laser chip 
to the outside of the protective casing. 
[0144] In addition, the use of the optical member at a 
portion of the protective casing where the laser beam 
emitted from the semiconductor laser chip passes to- 
wards the outside of the protective casing makes it pos- 
sible not only to be easy in handling, but also to enable 
the laser beam to be taken out according to character- 
istics of the optical member. 

[0145] Yet, the protective casing is provided with ref- 
erence faces which define a reference plane utilized at 
the time the stem carrying the semiconductor laser chip 
mounted thereon is to be installed in different equip- 
ment. Therefore, the semiconductor laser device ac- 
cording to the present invention can easily be installed 
in the external equipments. At this time, the reference 
plane defined in the protective casing provides a refer- 
ence position at which the stem should be positioned 
relative to the equipment. Accordingly, not only can the 
handling be easy, but also the position in the equipment 
on which the laser beam emitted from the semiconduc- 
tor laser chip can impinge can be accurately defined. 
[01 46] Referring now to Fig. 41 showing a twenty-fifth 
preferred embodiment of the present invention, refer- 
ence numeral 201 represents a stem base; reference 
numeral 202 represents a stem fixedly mounted on the 
base 201 ; reference numeral 203 represents a'semicon- 
ductor laser chip mounted on a side face 202a of the. 
stem 202; reference numeral 204 represents a monitor 
photodiode chip mounted on the side face 202a of the 
stem 202; and reference numeral 205 represents a de- 
tector photodiode mounted on a top face 202b of the 
stem 202. 

[0147] The semiconductor laser chip 203 and a por- 
tion of the side face 202a of the stem 202 around the 
semiconductor laser chip 203 are covered by a trans- 
parent resin layer 211 which may be made of, for exam- 
ple, silicone. Surface areas of the transparent resin layer 
21 1 which confront the monitor photodiode chip 204 and 
face in a direction opposite to the monitor photodiode 
chip 204, respectively, are rendered to be parallel to 
each other since, if these surface areas fail to be parallel 
to each other, the optical axis may deviate under the in- 
fluence of a lens effect. Portions of the resin, layer 211 
aligned with the parallel surface areas have a thickness 
not greater than 500u/n. If the resin thickness of each 
of those portions of the resin layer 211 is too excessive, 
the beam emission characteristic may be disturbed by 
the effect of a multiplex reflection of light between the 
beam emitting end face of the semiconductor laser chip 
203 and the surface of the transparent resin layer 211 
to such an extent that the semiconductor laser device is 
no longer useable as a light source in the optical disc 



recording and/or reproducing system. Hereinafter, one 
example of the laser emission characteristic exhibited 
by the semiconductor laser device which the beam emit- 
ting end face of the laser diode chip is covered by the 
resin layer lying parallel thereto and having a resin thick- 
ness not greater than 500u,m will be discussed. 
[0148] As can be understood from Fig. 11 , since the 
beam emitting end face of the semiconductor laser chip 
203 is covered by the resin layer of 500jim in resin thick- 
ness and made of a single synthetic resin, both of a 
curve 6|| representing a pattern of distribution of the laser 
beam in a horizontal direction relative to an active layer 
in which a laser oscillation takes place and a curve 91 
representing that in a vertical direction relative to the ac- 
tive layer exhibit single peak. 

[0149] Also, since that portion of the resin layer 
aligned with the outwardly oriented beam emitting end 
face of the semiconductor laser chip lies parallel to such 
outwardly oriented beam emitting end face, both of the 
curves shown in the graph of Fig. 11 exhibit no deviation 
of the optical axis. 

[0150] In other words, according to the structure 
shown in Fig. 41 , it is possible to provide the semicon- 
ductor laser device which can be effectively used as a 
light source in an optical disc recording and/or reproduc- 
ing system to the best advantage. 
[0151] It is to be noted that, in the practice of the 
present invention, the resin thickness of the resin layer 
suffices to be not greater than 500um Even when the 
resin thickness is chosen to be 400, 300, 200 or 1 00um, 
the resultant semiconductor laser device can exhibit sat- 
isfactory characteristics. However, if the resin thickness 
is too small, corrosion may occur at the outwardly ori- 
ented beam emitting end face of the semiconductor la- 
ser chip under the influence of ambient humidity and this 
may lead to a considerable variation in electric operating 
current of the laser device and, therefore, the minimum 
allowable resin thickness is preferably 10u,m. 
[01 52] A cap 206 made of plastics is mounted fixedly 
on the base 201 so as to enclose all of the stem 202, 
the semiconductor laser chip 203 and the photodiode 
chips 204 and 205. This plastics cap 206 has an end 
wall formed with a hole 206a in alignment with the stem 
202, and a glass block 207 is fixedly mounted on the 
end wall of the cap 206 so as to cover the hole 206a. A 
portion of the glass block 207 opposite to the hole 206a 
is formed with a hologram 207a. The plastics cap 206 
merely serves to provide a support for the glass block 
207 and no windowpane is needed. 
[0153] The semiconductor laser device of the above 
described construction operates in the following man- 
ner. The semiconductor laser chip 203 emits a first laser 
beam towards the monitor photodiode chip 204 and, al- 
so, a second laser beam towards the glass block 207. 
Based on the electric current proportional to the amount 
of light received by the monitor photodiode chip 204, the 
intensity of the first laser beam emitted from the semi- 
conductor laser chip 203 is controlled to a predeter- 
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mined value. The intensity of the second laser beam 
emitted from the semiconductor laser chip 203 is sub- 
stantially proportional to that of the first laser beam and 
is therefore controlled indirectly by controlling the inten- 
sity of the first laser beam. On the other hand, the sec- 
ond laser beam emitted from the semiconductor laser 
chip 203 emerges outwardly of the cap 206 passes 
through the glass block 207 towards an optical disc (not 
shown) and is subsequently reflected from the optical 
disc so as to be incident on the hologram 207a. The re- 
flected laser beam incident on the hologram 207a is dif- 
fracted and some of the diffracted beams pass through 
the glass block 207 and are subsequently detected by 
the detector photodiode chip 205. In this way, by con- 
trolling the intensity of the first laser beam to keep the 
intensity of the second laser beam at a predetermined 
value and also by projecting the second laser beam onto 
the optical disc so that the laser beam reflected from the 
optical disc can be detected by the detector photodiode 
chip 205, a signal indicative of information recorded on 
the optical disc can be obtained. In this way, the semi- 
conductor laser device of a plastics package type having 
a signal detecting capability is realized. 
[0154] As hereinabove described, in the twenty-fifth 
embodiment of the present invention, since the semi- 
conductor laser chip 203 is covered by the transparent 
resin layer 211 made of silicone to hermetically seal the 
semiconductor laser chip 203, a condition of the beam 
emitting end face of the semiconductor laser chip 203 
will not change under the influence of humidity, thereby 
avoiding any possibility of deterioration of the semicon- 
ductor laser chip 203. Accordingly, the need to use the 
expensive inert gas and the expensive metal cap such 
as required in the prior art devices is advantageously 
eliminated and, therefore, no complicated assemblage 
including the filling of the inert gas and fitting of a win- 
dowpane to the metal cap is required. In view of this, the 
semiconductor laser device inexpensive as compared 
with the prior art devices and having an increased envi- 
ronmental stability can be realized. 
[0155] Also, since the transparent resin layer 211 
made of silicone and covering the semiconductor laser 
chip 203 has a heat resistance, there is no possibility 
that the transparent resin layer 211 may be colored and/ 
or deformed under the influence of heat evolved by the 
semiconductor laser chip 203 and the ambient temper- 
ature. 

[01 56] Fig. 42 illustrates a twenty-sixth preferred em- 
bodiment of the present invention. In view of the simi- 
larity between the twenty-fifth and twenty-sixth embod- 
iments of the present invention, parts shown in Fig. 41, 
but similar to those shown in Fig. 42 are designated by 
like reference numerals used in Fig. 41 . 
[0157] !n the embodiment shown in Fig. 42, different 
transparent resin layers generally identified by 214 and 
both made of silicone resin are employed to cover the 
semiconductor laser chip 203, the monitor photodiode 
chip 204 and the detector photodiode chip 205, respec- . 



tively. it is however pointed out that not only the surface 
areas of the transparent resin layer 214 covering the 
semiconductor laser chip 203, which confronts the mon- 
itor photodiode chip 204 and faces in a direction oppo- 
5 site to the monitor photodiode chip 204, respectively, are 
rendered to be parallel to each other while, at the same 
time, those portions of the resin layer 214 on the semi- 
conductor laser chip 203 which are aligned with the re- 
spective parallel surface areas have a thickness not 
10 greater than SOOum Accordingly; any possible deterio- 
ration in characteristic of each of the semiconductor la- 
ser chip 203, the monitor photodiode chip 204 and the 
detector photodiode chip 205 under the influence of ex- 
ternal humidity can be avoided. 
15 [0158] It is to be noted that, although in the embodi- 
ments shown in Figs. 41 and 42, respectively, the plas- 
tics cap 206 has been employed, a metal or ceramics 
cap may be employed in place of the plastics cap. 
[0159] It is also to be noted that, although in the em- 
20 bodiments shown in Figs. 41 and 42, respectively, a 
combination of the stem base 201 and the stem 202 has 
been used to mount the semiconductor laser chip 203, 
this combination may be replaced with the lead frame 
or a printed circuit board. In such case, no job of fitting 
2S the leads to the stem base and of fixing the stem is re- 
quired and, hence, the productivity can be increased. 
[01 60] As hereinabove described, even in the twenty- 
sixth embodiment of the present invention, since the 
semiconductor laser chip 203 is covered by the trans- 
30 parent resin layer 21 4 made of silicone to hermetically 
seal the semiconductor laser chip 203, a condition of the 
beam emitting end face of the semiconductor laser chip 
203 will not change under the influence of humidity, 
thereby avoiding any possibility of deterioration of the 
35 semiconductor laser chip 203. Accordingly, the need to 
use the expensive inert gas and the expensive metal 
cap such as required in the prior art devices is advan- 
tageously eliminated and, therefore, no complicated as- 
semblage including the filling of the inert gas and fitting 
40 of a windowpane to the metal cap is required. In view of 
this, the semiconductor laser device inexpensive as 
compared with the prior art devices and having an in- 
creased environmental stability can be realized. 
[0161] Although the present invention has been de- 
4 5 scribed in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications 
are apparent to those skilled in the art. By way of exam- 
ple, while the transparent resin used in the practice of 
50 the present invention has been described as made of 
silicone resin, any one of epoxy resin, polyimide resin, 
fluorine resin or UV-curable resin may be employed 
therefor. 

[01 62] Such changes and modifications are to be un- 
55 derstood as included within the scope of the present in- 
vention as defined by the appended claims, unless they 
depart therefrom. 
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Claims 

1. A semiconductor laser device comprising: a base 
(3,13,24,34,44,54,73,125,152, 163,184, 192,196, 
201 ), a semiconductor laser chip (1 , 1 1 ,21 ,31 ,41 ,51 , 
71,121,203) and a resin layer (2,24,211) enclosing 
the laser chip, said resin layer being made of a sin- 
gle synthetic resin and covering an outwardly ori- 
ented beam emitting end face (1a, 11a, 21a, 31a, 
41a, 51a) of the laser chip; wherein the resin layer 
(2) has a surface substantially parallel to the out- 
wardly oriented beam emitting end face of the laser 
chip; 

characterised in that the upper limit of the 
thickness of the resin layer (2,24,211) is 500um 
thereby to minimise the occurrence of multiple re- 
flections within the resin layer (2,24,21 1 ), but not in- 
cluding a thickness in the range 200u.m to 500ujti. 

2. The semiconductor laser device as claimed in Claim 
1 , wherein said base is astern, and further compris- 
ing a monitor photodiode chip mounted on the stem 
at a position inwardly of the laser chip. 

3. The semiconductor laser device as claimed in Claim 
1 , wherein said base is a lead frame and said laser 
chip is mounted on one of leads of the lead frame 
through a sub-mount, and further comprising a 
monitor photodiode mounted on said one of the 
leads at a position inwardly of the laser chip, a di- 
rection in which a light receiving surface of the mon- 
itor photodiode extends being substantially perpen- 
dicular to an inwardly oriented beam emitting end 
face of the laser chip. 

4. The semiconductor laser device as claimed in Claim 
1 , wherein said base is a lead frame, a portion of 
one of leads of the lead frame which is positioned 
inwardly of the laser chip is inclined so as to confront 
an inwardly oriented beam emitting end face of the 
laser chip, and further comprising a monitor photo- 
diode mounted in said inclined portion of said one 
of the leads of the lead frame. 

5. The semiconductor laser device as claimed in Claim 
1, wherein said base js a lead frame, a portion of 
one of leads of the lead frame which is positioned 
inwardly of the laser chip being inwardly recessed, 
and further comprising a monitor photodiode 
.mounted in said recessed portion in said one of the 
leads of the lead frame, a direction in which a light 
receiving surface of the monitor photodiode ex- 
tends being substantially perpendicular to an in- 
wardly oriented beam emitting end face of the laser 
chip. 



Patentanspruche 

1. Halbleiterlaser mit: einem Trager (3, 1 3, 24, 34, 44, 
54, 73, 125, 152, 163, 184, 192, 196, 201), einem 

5 Halbleiterlaserchip (1, 11, 21, 31, 41, 51, 71, 121, 
203) und einer den Laserchip einschlieGenden 
Harzschicht (2, 24, 211), die aus einem einzelnen 
Syntheseharz besteht und eine nach au3en gerich- 
tete Strahlemissions-Endflache (1a, 11a, 21a, 31a, 

10 41a,„51a) des Laserchips bedeckt; wobei die Harz- 
schicht (2) eine Oberflache im Wesentlichen paral- 
lel zur nach auften gerichteten Strahlemissions- 
Endflache des Laserchips aufweist; dadurch ge- 
kennzeichnet, dass die Obergrenze der Dicke der 

'5 Harzschicht (2, 24, 211) 500 pm betragt, urn da- 
durch das Auftreten von Mehrfachreflexionen inner- 
halb der Harzschicht (2, 24, 21 1 ) zu minimieren, wo- 
bei jedoch Dicken im Bereich von 200 pm bis 500 
u/n nicht enthalten sind. 

20 

2. Halbleiterlaser nach Anspruch 1 , bei dem der Tra- 
ger ein Sockel ist und ferner ein Oberwachungspho- 
todiodenchip vorhanden ist, der an einer Position 
einwarts in Bezug auf den Laserchip am Sockel 

2S montiert ist. 

3. Halbleiterlaser nach Anspruch 1, bei dem der Tra- 
ger ein Leiterrahmen ist und der Laserchip uber ei- 
ne Unterhalterung an einem der Leiter des Leiter- 
rahmens montiert isti ferner mit einer Uberwa- 
chungsphotodiode, die an einem der Leiter an einer 
Position einwarts in Bezug auf den Laserchip mon- 
tiert ist, wobei die Richtung, in der sich eine Licht- 
empfangsflache der Uberwachungsphotodiode er- 
streckt, sich im Wesentlichen rechtwinklig zu einer 
nach innen gerichteten Strahlemissions-Endflache 
des Laserchips erstreckt. 



4. Halbleiterlaser nach Anspruch 1 , bei dem der Tra- 
ger ein Leiterrahmen ist, ein Abschnitt eines der Lei- 
ter des Leiterrahmens, der einwarts in Bezug auf 
deh Laserchip liegt, so geneigt ist, dass er einer 
nach innen gerichteten Strahlemissions-Endflache 
des Laserchips gegenubersteht, und ferner eine 
Monitorphotodiode vorhanden ist, die im geneigten 
Abschnitt des einen der Leiter des Leiterrahmens 
montiert ist. 

5. Halbleiterlaser nach Anspruch 1 , bei dem der Tra- 
ger ein Leiterrahmen ist, ein Abschnitt eines der Lei- 
ter des Leiterrahmens, der einwarts in Bezug auf 
den Laserchip liegt, nach innen ausgespart ist, und 
ferner eine Uberwachungsphotodiode vorhanden 
ist, die im ausgesparten Abschnitt in einem der Lei- 
ter des Leiterrahmens montiert ist, wobei sich die 
Richtung, in der sich eine Lichtempfangsflache der 
Uberwachungsphotodiode erstreckt, im Wesentli- 
chen rechtwinklig zu einer nach innen gerichteten 
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Strahlemissions-Endflache des Laserchips er- 
streckt. 



Revendications 5 

1. Dispositif laser a semi-conducteur comprenant: une 
base (3, 13, 24, 34, 44, 54, 73, 125, 152, 163, 184; 
192, 196, 201), un circuit laser a semi-conducteur 
(1,11, 21, 31, 41, 51, 71, 121, 203) et un film de io 
resine (2, 24, 211) recouvrant le circuit laser, (edit 
film de resine etant constitue d'une resine syntheti- 
que unique et recouvrant une face d'extremite 
demission de faisceau orientee vers I'exterieur (1a, 
11a, 21a, 31a, 41a, 51a) du circuit laser; dans le- is 
quel le film de resine (2) prSsente une surface pra- 
tiquement parallele a la face d'extremite demission 

de faisceau orientee vers I'exterieur du circuit laser ; 

caracteYisg en ce que la limite superieure de 
I'epaisseur du film de resine (2, 24, 21 1 ) est de 500 20 
|im ce qui penmet de minlmiser la possibility de re- 
flexions multiples a I'interieur du film de resine (2, 
24, 211), mais sans inclure une epaisseur apparte- 
nant a I'intervalle compris entre 200 urn et 500 jam. 

25 

2. Dispositif laser a semi-conducteur selon la revendi- 
cation 1 t dans lequel lad it e base est une tige, et 
comportant en outre un circuit de diode photoeiec- 
trique de contrdle monte sur la tige dans une posi- 
tion interieure du circuit laser. 30 

3. Dispositif laser a semi-conducteur selon la revendi- 
cation 1 , dans lequel ladite base est une grille de 
connexion et ledit circuit laser est monte sur un des 
conducteurs de la grille de connexion au moyen 35 
d'un support, et comprenant en outre une diode 
photoelectrique de controle monte e sur ledit un des 
conducteurs dans une position intdrieure du circuit 
laser, une direction dans laquelle se prolonge une 
surface photoreceptrice de la diode photoelectrique 40 
de controle etant pratiquement perpendiculaire a 
une face d'extremite demission de faisceau orien- 
tee vers I'interieur du circuit laser. 

4. Dispositif laser a semi-conducteur selon la revendi- 4$ 
cation 1, dans lequel ladite base est une grille de 
connexion, une partie de Tun des conducteurs de 

la grille de connexion qui est posttionnee vers I'in- 
terieur du circuit laser est inclined de maniere a §tre 
confrontee a une face d'extremite d'emissioh de 
faisceau orientee vers I'interieur du circuit laser, et 
comprenant en outre une diode photoelectrique de 
contrdle montee dans ladite partie inclinee dudit un' 
conducteur de la grille de connexion. 

5. Dispositif laser a semi-conducteur selon la revendi- 
cation 1 , dans lequel ladite base est une grille de 
connexion, une partie de I'un des conducteurs de 



la grille de connexion qui est positionnee vers I'in- 
terieur du circuit laser etant en retrait vers I'interieur, 
et comprenant en outre une diode photoelectrique 
de controle mont6e dans ladite partie en retrait dans 
ledit un conducteur de la grille de connexion, une 
direction dans laquelle une surface photoreceptrice 
de la diode photoelectrique de contrdle se prolonge 
etant pratiquement perpendiculaire a une face d'ex- 
tremite d'emission de faisceau orientee vers I'inte- 
rieur du circuit laser. 
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Fig. 30(a) 



I52 I52 

oouoi 




52 1 52 I52 

\ - 




T 

I52 I52 I52 I52 I52 I52 
I2I H2I \I2I )[2I )I2I M2I 




I55 

I55 I56 I55I56155 I56J55 I56jl56 I55 I56 
, 53 l!Sv 2 / U? 2 J tLS2y (ittS (152/ (152, 



Fig.30(c) 




1 



159 




32 



EP 0 607 700 B1 

Fig. 30(e) 

I58 I58 I58 I58 
I57 I57 I57 I57 1 57 I57 

Fig. 30(f) 




33 



EP 0 607 700 B1 



Fig. 33 




Fig. 34 



\7\Q 



Fig. 35 



I86 I82 

l62b ^vv4v^ , 8 , 




34 



EP 0 607 700 B1 



Fig. 36 




l93o 1 92a I94a 



Fig. 37 



I2lb 

I92a- 
Fig. 38 



I9I 



'? 4 I22 

j-L 1 


192 









197a 




35 



EP 0 607 700 B1 



I97o 1 97 




36 



EP 0 607 700 B1 



Fig. 42 



207o 




204 

Fig. 43 Prior Art 

369 372o 365 
373 \ 372 1 364 



S 2I4 




370 I 367 362 
369b 



Fig. 44 Prior Art 



W3 
365 

372 




368 



364 



37 



EP 0 607 700 B1 

Fig. 45 Prior Art 




Angle { degree ) 



Fig. 46 Prior Art 




Angle (degrss ) 



38 



EP 0 607 700 B1 



Fig. 47 Prior Art 
309 




Fig. 50 Prior Art 
327a 



325 



303 



322o- 




\ / / .' y. y y y /, }• y ) 



322 324 321 



Fig. 48 Prior Art 

311 Aj 311 31,1 

32Q _j_3l9 320 ^ J 319 320 ) 319 

araru.o rtrafT^.o rftr#=K_. 




Fig. 49 Prior Art 



31 1 315 312 








^.318 


12 
\ 




314 

/ 



39 



